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Evolutive observations on discontinuouspopulations ofAlcyon id i u m pol y ou m (Hassalll, 184 1) (Bryozoa, 
Ctenostomida) along the coasts of Galicia and the Bay of Biscay - An electrop horetic study, using 
polyacrylamide gradient gels, was performed on various populations of Alcyonidiumpolyoum(Hassall, 
1841) from Galicia and the Bay of Biscay. lndependently of the fragmentation of the distribution area 
of the species, the populations are situated along a cline. Genetic isolation is beginning to appear in 
the populations from Arcachon and Ré Island, both geographically isolated localities. The population 
of Ré could represent an example of genetic drift. 
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lntroduction 
Research performed since 1979 o n  t h e  
intraspecif ic var iab i l i t y  o f  t h e  ctenos- 
tomatous bryozoan Alcyonidium polyoum 
(Hassall, 1841) ( = A. gelatinosum auct., cf. 
D'HONDT & MAWATARI, 1986). using gradient 
polyacrylamide gels, has demonstrated the 
presence o f  intraspecific clines between the 
main natural geographical barriers (estuar- 
ies, large straits). Such barriers induce dis- 
cont inu i ty  i n  t h e  cl inal variations. The 
number o f  proteic bands (interpreted as 
allelic expressions) shared between each side 
o f  any barrier can be very high, and null for  
other enzymatic systems. This confirms that  
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these populations belong to  the same spe- 
cies (D'HONDT & GOYFFON, 1986, 1987a. 1987b, 
1989; D'HONDT et al., 1993; D'HONDT, 1995). 
Furthermore, each population presents a 
specific proteinogram, w i th  a def ini te 
number of bands, in a characteristic pattern, 
constituting a diagnostic marker of the spe- 
cies, independently of  the studied popula- 
tion and of its geographical origin. Four main 
groups (each divided into geographical sub- 
groups) of populations have been identified: 
1. The north Scandinavian pool (Sweden and 
Norway), isolated by the Kattegat; 2. The 
Danish pool, the southern geographical gap 
being situated on the Dutch coast; 3. The 
meridional pool (French and Spanish popu- 
lations); 4. The British pool, with greater 
affinities with the two septentrional (1 and 
2) populations than with the meridional 
population (3), including a peculiar Welsh 
population simultaneously presenting Brit- 
ish, lrish and continental relationships 
(D'HONDT & GOYFFON, 1991; HOUZELOT, 1993). 
The present study fills a lacuna in our 
knowledge: the affinities of  the popu- 
lations from the Bay of Biscay and Galicia 
wi th  those of Brittany. This coastal area 
of the European continent i s  of  special in- 
terest, because many long portions of the 
littoral, uninhabitable for the Alcyonidium, 
are geographical barriers which isolate very 
small localities where the animals are pre- 
sent. This phenomenon induces a repro- 
ductive isolation between the discontinu- 
ous populations. The strait of  Loire, span- 
ning a large input of  freshwater and al- 
luvia, separates Brittany (previously stud- 
ied by D'HONDT & GOYFFON (1987)) from Cha- 
rente-Maritime. Some islands situated off 
the coast are isolated by oceanic straits 
and strong currents. Charente-Maritime 
is isolated from Arcachon by the muddy 
beaches of Aiguillon Bay, the Gironde Es- 
tuary, and about a hundred kilometres o f  
sandy beaches. Arcachon Bay i s  isolated 
from Galicia by another long sandy area, 
the Adour Estuary, and by the Biscay coast 
which has warmer waters. As the area 
studied in  this paper therefore corres- 
ponds t o  a sequence o f  very di f ferent 
facies, only some o f  which are conven- 
ient for the l i fe o f  the Alcyonidium, the 
hypothesis is that some indigenous popu- 
lations o f  this species living in this area 
could be subject t o  independent evolu- 
tion. 
Specimens of Alcyonidium polyoum 
from Fouras (Charente-Maritime), Ré lsland 
(Charente-Maritime), Arcachon Bay, Ribadeo 
(Galicia) and Vigo (Galicia) were studied. 
Material and methods 
Twenty to  forty specimens of each popula- 
tion were examined. The method described 
by D'HONDT & GOYFFON (1 987a, 1989) was used. 
Each proteic extract was analysed on  
polyacrylamide gradient gels. After the mi- 
gration, each gel was cut in strips and col- 
oured by a specific reagent for a given 
enzymatic system. The results were analysed 
using Sorensen's coefficient of  similarity 
(HOUZELOT, 1993) t o  allow the quantification 
of the primary results. Since the clines are 
not revealed by the calculation of similarity 
coefficients and need a aualitative exami- 
nation, the phenograms Were directly com- 
pared by eye to  display the clines. 
The prospected localities, al1 intertidal, 
were the following (fig. 1): A. Fouras ('La 
Ribadeo; E, Vigo. (Scale, 100 km). 
Mapa de las localidades. (Para abre- 
viaturas ver arriba). (Escala, 100 km). 
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Fumée', Charente-Maritime, France), with 
rather rough sea, on Fucus serratus; B. Ré 
lsland ('Fier d'Ars', Charente-Maritime, 
France), somewhat calmer, on Fucusserratus; 
C. Arcachon Basin (east coast of  'Ile aux 
Oiseaux', Gironde, France), a calm area, on 
Fucus vesiculosus (F.  serratus being disap- 
pearing in Arcachon); D. Ribadeo (northern 
coast of Galicia, Spain), a calm area, on Fucus 
serratus; E. Vigo (west coast of Galicia, Spain), 
also a calm area, on Fucus serratus. 
The enzymatic systems considered herein 
are: 1. Acid phosphatase; 2. Non-specific 
esterases; 3. Leucine aminopeptidase; 4. 
Phosphoglucomutase; 5. Malate dehydro- 
genase; 6. Malic enzyme; 7. Glucose-6-phos- 
phate isomerase; 8. Alkaline phosphatase. 
Proteinograms coloured wi th  Coomassie 
blue, revealing the most concentrated pro- 
teins contained in a given extract, were 
also performed for each population. The 
formulae protocol fol low D'HONDT & GOY- 
FFON (1986, 1987a, 1991). 
Results 
Most profiles and proteinograms obtained 
for  each enzymatic system consisted of 
shared proteic bands (and consequently 
alleles) (figs. 2,3), which attests the monos- 
pecificity: 
1. Acid phosphatase (fig. 2.1): there is a 
N-S cline, the number of bands increasing 
from north to  south. The phenotype of the 
Ré population is intermediate between 
those from Fouras and Arcachon, also char- 
acterized by a small number of  bands. 
2. Non-specific esterases (fig. 2.2): there 
i s  a cline wi th  a greater number of the 
bands in the south, corresponding t o  pro- 
teins of high molecular weight, and a lower 
number of bands in the north correspond- 
ing t o  a low molecular weight. The popu- 
lation o f  Ré lsland presents fewer proteic 
bands than the others, particularly those 
from Fouras and Arcachon. The reason 
might be, as for Acid-phosphatase, a ge- 
netic drift. 
3. Leucine aminopeptidase (fig. 2.3): 
there is  a cline, with substitution of groups 
o f  bands by others in relation t o  the dis- 
tance. The number of bands with low mole- 
cular weight increases notably at Ribadeo. 
The population of Ré presents only two  
bands, neither o f  which are shared wi th  
Fouras, and only one with the population 
from Arcachon. 
4. Phosphoglucomutase (fig. 2.4): the 
population from Ré lsland lacks alleles in 
comparison with that from Fouras. Neither 
the two  share bands wi th  the Arcachon 
population. There i s  therefore a gap be- 
tween Charente-Maritime and Arcachon. 
The latter constitutes the start of  a cline 
t o  Ribadeo, then t o  Vigo, wi th  a gradual 
increase of the number of proteic bands, 
particularly of  low molecular weight. Span- 
ish populations however present bands in  
common with those of Fouras. 
5. Malate dehydrogenase (fig. 2.5): a 
gradual substitution o f  associations o f  
bands signifies an intraspecific clinal vari- 
ation. The Ré population i s  almost devoid 
of the whole o f  the bands, wi th  a high 
molecular weight present in the French 
populations of the continent (Fouras and 
Arcachon). Most o f  the proteic fractions 
wi th  a high molecular weight are miss- 
ing in the Spanish populations. 
6. Malic enzyme (fig. 2.6): there is a clinal 
variation between Fouras and Ribadeo. but 
there are no shared bands between Riba- 
deo and Vigo (reproductive incompatibil- 
ity), and a decrease t o  the south of the 
molecular weight of  the corresponding 
proteins is observed. Only the Fouras popu- 
lation includes bands corresponding t o  
proteins with a high molecular weight. The 
Arcachon population lacks most such 
bands. 
7. Glucose-6-phosphate isomerase (fig. 
2.7): there i s  a clinal variation for  the 
continental populations, l inking Fouras 
t o  Vigo, wi th  substitution o f  associations 
o f  proteic bands. The populations from 
Ré lsland and Fouras present reproduc- 
t ive isolation, and only one band w i th  
low molecular weight differing from the 
most southern populations. 
8. Alkaline phosphatase (fig. 2.8): a clinal 
variation exists from Fouras t o  Ribadeo. 
wi th  substitution of bands. Extra bands 
with high molecular weight are found in 
Arcachon. 
9. Proteinograms (fig. 3): the numerous 
shared bands between the five populations 
confirm their monospecificity. 
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The gradient o f  porosity in  the poly- 
acrylamide gradient gels used in this work 
differs from those utilized in our previous 
research. It is  therefore difficult t o  compare 
these results with those published earlier. 
The interpretation of the phenograms i s  
that the five populations belong to the same 
species. With rare exceptions, shared bands 
are observed in all populations for each of 
the enzymatic systems considered. A clinal 
variation between Fouras and Vigo is  seen. 
In six of  the enzyrnatic systems, there 
are considerably fewer bands (acid phos- 
phatase, non-specific esterases, leucine 
aminopeptidase, phosphoglucomutase, 
malate dehydrogenase, glucose-6-posphate 
isomerase) than in northern populations. 
In relation wi th  acid phosphatase, non- 
specific esterases, phosphoglucomutase 
and malate dehydrogenase, the popula- 
t ion in R e  i s  closest t o  that o f  Fouras; in 
the case of leucine aminopeptidase and 
alkaline phosphatase, the affinities o f  the 
R e  population are more related wi th  the 
population from Arcachon. This indicates 
that the population from R e  is not situated 
within the cline Fouras-Vigo, but derives 
from the Fouras population. Moreover, each 
population has evolved independently 
from the others: in some enzymatic sys- 
tems, one or two  surnumerary bands can 
appear in one or two  populations. Conse- 
quently, some alleles can disappear or not 
be expressed in a given portion of the coast, 
and reappear some distance away. This find- 
ing was demostrated in previous papers 
(D'HONDT & GOYFFON, 1989, 1991). The popu- 
lation from R e  lsland has lost a significant 
proportion of its alleles in comparison with 
those o f  Arcachon and Fouras, perhaps as 
the consequence of a phenomenon of ge- 
netic drift, wi th geographic isolation pro- 
ducing reproductive isolation. The island 
of R e  i s  isolated from the continent by an 
arm of sea crossed by a violent current, 
preventing sporadic genetic exchanges.The 
Alcyonidium polyourn larvae are thus un- 
able t o  metamorphose 1.5-2 h after breed- 
ing (D'HONDT, 1976). The period of com- 
Fig. 2. Electrophoretic profiles obtained for each enzymaticsystem: 1. Acid phosphatase; 
2. Non-specific esterases; 3. Leucine aminopeptidase; 4. Phosphoglucomutase; 5. Malate 
dehydrogenase; 6. Malic enzyme; 7 
phosphatase, (For other abbreviation 
Perfiles electroforeticos obtenido 
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petence (during which the larva is able to  
metamorphose) i s  very short in this spe- 
cies (D'HONDT, 1981, 1982) and is acquired 
after a transitory free-living maturation 
period during which only very few larva 
swim. Metamorphosis i s  possible only in 
calm places. The population ofAlcyonídíum 
in Ré i s  situated at the west extremity of 
the island, far f rom the continent. The 
combination of these factors eliminates al1 
genetic mixing between continental and 
insular populations. 
The Arcachon population is isolated 
from that of Charente-Maritime by geo- 
graphic and reproductive characters (no 
shared bands for phosphoglucomutase) 
and present bands (alleles) in common with 
the Spanish populations. The geographi- 
cal barrier formed by the long sandy 
beaches of the districts of  Charente-Mari- 
time and Gironde, the flows of freshwa- 
ter pouring in from the Gironde Estuary, 
and the violent current of  the 'passes' of  
the Arcachon Bay, very likely constitute 
factors of  isolation for the Alcyonidium 
of Arcachon. This barrier is probably more 
rigorous, and perhaps more recent, that 
the Estuary o f  Adour and the rocky coast 
of  the Bay of Biscay. The Arcachon popu- 
lation therefore has greater affinities with 
Spanish populations than wi th  those of 
Charente-Maritime. The population from 
Arcachon. characterized by the systems of 
phosphoglucomutase and malic enzyme, 
could have lost some alleles during evo- 
lution or be genetically 'polluted' by ma- 
terial from another origin. The presence 
at Arcachon (D'HONDT, 1974) of  a bryozoan 
species from warm waters, Scrupocellaria 
bertholleti, may be related t o  the possi- 
ble existence o f  some communication dur- 
ing the Messinian period between the Bay 
of Biscay and the Mediterranean Sea. The 
population of Arcachon differs more in fact 
f rom the Ré population than from the 
Galicia population. Both Arcachon and Ré 
populations constitute true vice-species 
sensu BERNARDI (1980) (cf. D'HONDT & GOY- 
FFON, I989), populations belonging t o  the 
same species, interfertile wi th  some cons- 
pecific populations and intersterile wi th  
others, each constituting, with others, dis- 
tinct boundaries or gradation zones accord- 
ing t o  the cases. The population from Ré 
lsland presents a beginning of reproduc- 
tive isolation, founded on the genetic in- 
compatibility for only one enzymatic sys- 
tem (glucose-6-phosphate isomerase). 
The clines are generally characterized 
by the disappearing, from south t o  the 
north, o f  many proteins o f  high molecu- 
lar weight, and the presence of proteins 
with more reduced molecular weight. This 
observation confirms the preliminary re- 
sults obtained by D'HONDT & GOYFFON 
(1987a). showing that al1 the northern po- 
pulations studied (France, United Kingdom, 
Scandinavian countries) present proteic 
bands in various enzymatic systems widely 
distributed along the whole migration trail. 
The differences between successive and 
discontinuous populations on the coasts 
of  Bay of Biscay support the observations 
made in a previous study on the coastline 
of Wales (D'HONDT & GOYFFON, 1991) where 
geographic barriers (sometimes on short 
distances) induce an independent evolu- 
t ion o f  these populations and are factors 
of  reproductive incompatibility between 
populations for many of the enzymatic sys- 
tems studied. However, these differences 
are less accentuated than those deter- 
mined by the main geographic barriers 
such as the English Channel and the 
Kattegat (D'HONDT & GOYFFON, 1989), and 
a l i t t le more evident than the differences 
between the subgroups of the cline in the 
Bailleron-Belgian frontier (D'HONDT & GOY- 
FFON, 1989). This was predictable. However, 
the differences are not so ample as those 
found between the Angle and other Welsh 
populations (D'HONDT & GOYFFON, 1991). 
Therefore, on the coast of  the Bay of 
Biscay, where the area of distribution of 
A. polyoum is very fragmented and con- 
stitutes an interesting model for study, the 
geographic isolation or the insularity of 
some populations i s  not expressed by 
greater genetic differences than between 
French, lrish or Danish populations; in fact, 
the case of the Welsh population from An- 
gle, in accentuated speciation, is very pe- 
culiar and exceptional. Another interest- 
ing finding in this study i s  the evidence of 
a reproductive isolation phenomenon cor- 
related t o  the insularity. These conclusions 
should be compared in the future with those 
from an ongoing study, on discontinuous 
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and insular populations of Alcyonidium 
polyoum from the English Channel and 
Nordsee. 
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Resumen 
Observaciones evolutivas sobre poblaciones 
discontinuas de Alcyonidium polyoum 
(Hassall, 1841) (Bryozoa, Ctenostomida) a lo 
largo de las costas de Galicia y de la bahía de 
Vizcaya 
El estudio electroforético, por medio de gel 
de polyacrylamida con gradación de porosi- 
dad, de poblaciones de Alcyonidium 
polyoum (Hassall, 1841) de la costa de Galicia 
y del mar Cantábrico, muestra que indepen- 
diente de la fragmentación de la área de 
distribución de esta especie, los poblaciones 
están situadas sobre una clina. 
Un principio de aislamiento genético 
tiene relación con las poblaciones de Arca- 
chon y de la isla de Ré, localidades aisla- 
das geográficamente. Posiblemente la po- 
blación de Ré presenta un fenómeno de 
deriva genética. 
BERNARDI, G., 1980. Les catégories taxono- 
miques de la systématique évolutive. In: 
Les problemes de I'Espece dans le Regne 
Animal, 111: 373-425 (Ch. Bocquet, J. 
Génermont & M. Lamotte, Eds.). Société 
Zoologique de France, Paris. 
HONDT, J.-L. DI, 1974. Bryozoaires du Bassin 
dfArcachon. BU]/. Soc. Linn. Bordeaux, IV 
(2): 27-31. 
- 1976. Les larves, la métamorphose larvaire 
et la morphogenese post-larvaire chez les 
Bryozoaires Gymnolaemates (Etude 
anatomique et ultrastructurale). These de 
Doctorat d'Etat es-Sciences, Université 
Pierre et Marie Curie (Paris VI). 
- 1981. Note préliminaire sur les neuro- 
sécrétions larvaires des Bryozoaires. C.R. 
Sc. Acad. Sci. Paris, 293 (111): 329-332. 
- 1982. Développement et morphogenese 
chez les Bryozoaires Eurystomes. Bull. Soc. 
~001. Fr., 107 (2): 267-289. 
- 1995. Emploi des gels de polyacrylamide a 
gradient en systématique et  en éco- 
physiologie. Principe et mode opératoire. 
Bull. mens. Soc. Linn. Lyon , 64 (2): 54-58 
and 89-96. 
HONDT, J.-L. D' & GOYFFON, M.  1986. Etude de la 
variabilité intraspécifique d' Alcyonidium 
polyoum (Hassall, 1841) (Bryozoaires, 
Cténostomes) sur gels de polyacrylamide 
a gradient. Bull. Soc. zool. Fr., 11 1 (3-4): 
183-1 94. 
- 1987a. Comparative electrophoretic study 
of some Alcyonidium gelatinosum (Linné, 
1761) (Bryozoa Ctenostomida) popu- 
lations from West Europe. In: Bryozoa: 
Present to Past: 121 -1 28 (J. R. P. Ross, Ed.). 
University of Washington, Bellingham. 
- 1987b. Variation clinale d' Alcyonidium 
polyoum (Hassall, 1841) (Bryozoaires, 
Cténostomes) le long des c6tes de I'Europe 
Occidentale. Rev. Inst. Pasteur Lyon, 20 (1- 
2): 121-125. 
- 1989. New data on the intraspecific vari- 
a bility of  Alcyonidium polyoum (Hassall, 
1841). Bryozoa: Ctenostomida, studied 
with gradient polyacrylamide gels. In: Re- 
production, Genetics and Distributions o f  
Marine Organisms: 273-282 (J. S. Ryland 
& S. Tyler, Eds.). Olsen & Olsen, Fre- 
densborg. 
- 1991. Etude d'un cas de spéciation en cours , 
chez les Bryozoaires: la population de la 
superspecies Alcyonidium polyoum 
(Hassall, 1841) d'Angle (Pays de Galles). 
Cah. Biol. Mar., 32 (4): 487-502. 
HONDT, J.-L. DI, GOYFFON, M. & BILLIALD, P., 
1993. Etude de populat ions euro-  
péennes dlAlcyonidium po l youm 
(Hassall, 1841) (=A. gelatinosum auct.) 
8 d'Hondt & Goyffon 
(Bryozoa, Ctenostomida) par isoélec- Paris, 4e sér., 8A(3): 457-469. 
trofocalisation. Ann. Sci. Nat., Zool., HOUZELOT, L., 1993. Nouvelles observations 
Biol. An., 14 (4): 147-155. sur la variabil i té intraspécifique d' 
HONDT, J.-L. D' & MAWATARI, S. F., 1986. Les Alcyonidium polyoum (Hassall, 1841), 
Alcyonidium (Bryozoa, Ctenostomida) des Bryozoaires, Cténostomes. Bull. Soc. zool. 
c6tes du Japon. Bull. Mus. natn. Hist. nat., Fr., 1 18 (4): 409-423. 
